In this study, we present the commissioning and validation results of a dedicated scanning nozzle. The dedicated scanning nozzle is installed in one of the two gantry treatment rooms at Samsung Proton Therapy Center. Following a successful completion of the acceptance test, the commissioning process including the beam data measurement for treatment planning system has been conducted. Extended measurements have been conducted as a validation of the clinical performance of the nozzle and various quality assurance protocols have been prepared.
Introduction
The possibility of therapeutic use of fast protons is introduced in 1946. 1) Ever since the introduction of radiological use of fast protons, there have been uninterrupted development of proton beam therapy and recently, number of proton therapy centers in operation or in preparation is rapidly increasing.
2)
One of the most noticeable contemporary trend in proton therapy is the wide adaptation of pencil beam scanning technique in newly installed proton therapy systems. While there are still significant advantages in passive scattering mode of proton beam delivery over conventional x-ray radiation therapy, the pencil beam scanning technique can maximize the benefits of proton therapy considering the intensity modulation and dose conformality (especially in proximal region).
The Samsung Proton Therapy Center (Samsung PTC) is the first private hospital based proton therapy center in Korea, 3) and it has provided stable scanning beam treatments for many patients since its first operation of the dedicated scanning nozzle. Even though there are several reports on commissioning of pencil beam scanning nozzles recently published, the proton therapy system (Sumitomo Proton Therapy System, Sumitomo Heavy Industries, Ltd.) installed at Samsung PTC has its own unique characteristics for both wobbling nozzle and line scanning nozzle compared to other proton therapy systems provided by other vendors. In addition, there is no published study about Sumitomo's system as far as we know.
It is our main purpose to report the details of commissioning and validation of the dedicated scanning nozzle at Samsung PTC, and thus provide a practical guide for upcoming proton therapy centers.
Materials and Methods
The dedicated scanning nozzle at Samsung PTC has a maximum field size of 30 cm×40 cm and its detailed specification can be found elsewhere. 4) In principle, the line-scanning nozzle can be also operated in spot-scanning mode as both beam delivery methods share the same hardware. Nevertheless, in practice, the selected line-scanning mode was exclusively implemented, as the spot-scanning mode would require a separate control sequence. The nozzle was installed by the vendor (Sumitomo Heavy Industries, Ltd.). The dedicated scanning nozzle differs from the multi-purpose nozzle, which is installed in the other treatment room at Samsung PTC in several aspects.
All the nozzle components related to the wobbling method have been removed and a helium gas filled chamber has been located at the down stream of the nozzle to improve beam quality mainly by reducing in air scattering of the proton beam.
The modeling of a line scanning nozzle has required an additional process in the treatment planning system's viewpoint.
In RayStation (RaySearch Laboratories, AB, Stockholm, Sweden), the existing dose calculation algorithm for spot scan- The total commissioning of the dedicated scanning nozzle was an integrated end-to-end test of line scanning treatment.
Using the clinical commissioning phantom cases, the whole procedures including simulation, treatment planning, patient specific QA, treatment data transfer through MOSAIQ system, image verification using orthogonal X-ray images or CBCT images, and actual beam delivery in treatment mode.
Results
The IDD curves of a spot proton beam have been measured for 30 different proton beam energies as shown in Fig. 1 . an exact 2 cGy output reading. The same cube plan has also been used for daily range verification. In addition to the standard output calibration plan, a 2D dose verification of a geometric scan pattern (Fig. 4) has been added into the daily QA.
The two dimensional dose distributions on the same effective depth as the detector plane (0.9 mm water-equivalent-thickness without a build-up material) have been measured and compared with the dose plane exported from the treatment planning system. The gamma passing rates were all above 95% with 3%, 3 mm criteria, although the passing rates were dependent on beam energies. Later on, the scan pattern has been replaced by a simplified geometry to avoid casual interruptions due to machine limit approaching beam conditions.
The output calibration for a treatment plan is a mandatory procedure in Sumitomo PTS. Based on the output calibration result, a correction factor (gamma-factor) is determined and re- passing rate of the 2D dose measurements were above 97.5%
as listed in Table 1 planes have a passing rate of 100%. When tighter criteria were applied (2% and 2 mm), the passing rates were above 89%.
Not only a measurement of three dimensional dose distributions, but also a measurement of dose distribution in longitudinal direction is very challenging as there is no perfect solution available at least to our knowledge. Even though the multi-measurement method is practically inefficient for daily QA, it can be used as an excellent validation method, and we have indeed adopted this method successfully to finalize the remained AT items.
Conclusion
We Compared to the well-known and relatively simple photon radiotherapy devices, the clinical set up of a proton therapy system in general requires a prodigious resources and experiences. By representing the commissioning and validation experiences at Samsung PTC in this study, we would expect that it could be used as a pivotal guide to imminent proton therapy centers.
